We treated pregant rats with 1 pgkg body weight/day 1,2,3,4,6,7-hexachlorinated naphthalene (1, 2, 3, 4, 6, on days 14-16 ofgestation and examined the effect on the reproductive sytems oftheir male ofipring at various phases of sexual maturation. Sperm count in the cauda epididymidis did not chnge in 1,2,3,4,6,7-HxCN-treated rats on postatal day 89, the age ofsexual maturity, but the sperm count in the cauda epididymidis did increse to approtel 180% of the control value on postnatal day 62. In addition, homogenization-resistant testicular spennatids increased to approximately 160% of the control value on posnatal day 48, and the percent of postmeiotic tubules increased to app 190% of the control value on postnatal day 31 in this group. These results indicate that the onset of spermatogenesis was accelerated in the 1,2,3,4,6,7-HxCN rats. Serum concentrations of luteinizing hormone (LH) and follide-stimulating hormone (FSH) had already reached the maximum level on postnatal day 31 in the 1,2,3,4,6,7-HxCN group, sugsin that the onset of LH and FSH secretions from the pituitary gland was also accelerated and that this endocrine disruption was the cause of early onset of spermatogenesis in this group. In the fat of 1,2,3,4,6,7-HxCN-treated dams, 5.75 ± 2.81 ppb 1,2,3,4,6,7-HIxCN was detected when offin were weaned. This concentration was 5-10 times higher than that found in human adipose tissue. KIy wor end e disruption, gonadotropins, 1,2,3,4,6,7-hea1hornated naphthalene, in m~ro and lactational exposure, onse ofspermatogenesis, polychlorinated naphthlenes, rats. Environ
(1,2,3,4,6,7-HxCN) on days 14-16 ofgestation and examined the effect on the reproductive sytems oftheir male ofipring at various phases of sexual maturation. Sperm count in the cauda epididymidis did not chnge in 1,2,3,4,6,7-HxCN-treated rats on postatal day 89, the age ofsexual maturity, but the sperm count in the cauda epididymidis did increse to approtel 180% of the control value on postnatal day 62. In addition, homogenization-resistant testicular spennatids increased to approximately 160% of the control value on posnatal day 48, and the percent of postmeiotic tubules increased to app 190% of the control value on postnatal day 31 in this group. These results indicate that the onset of spermatogenesis was accelerated in the 1,2,3,4,6,7-HxCN rats. Serum concentrations of luteinizing hormone (LH) and follide-stimulating hormone (FSH) had already reached the maximum level on postnatal day 31 in the 1,2,3,4,6,7-HxCN group, sugsin that the onset of LH and FSH secretions from the pituitary gland was also accelerated and that this endocrine disruption was the cause of early onset of spermatogenesis in this group. In the fat of 1,2,3,4,6,7-HxCN-treated dams, 5.75 ± 2.81 ppb 1,2,3,4,6,7-HIxCN was detected when offin were weaned. This concentration was 5-10 times higher than that found in human adipose tissue. KIy wor end e disruption, gonadotropins, 1,2,3,4,6,7-hea1hornated naphthalene, in m~ro and lactational exposure, onse ofspermatogenesis, polychlorinated naphthlenes, rats. Environ HeaLb Perctc 108:539-544 (2000) . [Online 26 April 2000] hb"p://ehpnetl. niehs.nih.gov/does2OOO/108p539-544omuralabstract.ibtnl Polychlorinated naphthalene (PCN) is one of the major halogenated aromatic hydrocarbons formed during municipal solid waste incineration; others include polychlorinated dibenzo-p-dioxin (PCDD) and polychlorinated biphenyl (PCB) (1) . PCNs are widely detected in the environment and biota (2) (3) (4) . PCNs were detected in the adipose tissue of a person intoxicated by consumption of a commercial rice oil contaminated with technical grade PCBs (Yusho rice oil) (5) , and PCNs were also detected in the adipose tissue of individuals in the general population (6, 7) . The toxic effects of PCNs are comparable to those of PCDDs and PCBs (8, 9) . PCNs cause acnelike skin lesions, liver damage, and thymus atrophy in animals (8, 9) , and chloracne and liver dysfunction were reported in workers occupationally exposed to PCNs (10-12. Toxic effects of dioxins are mediated by the aryl hydrocarbon receptor (AhR), and AhR ligands induce cytochrome P-450 lAl-dependent enzyme activities such as ethoxyresdrufin O-deethylase (EROD) and aryl hydrocarbon hydroxylase (AHH). Highly chlorinated naphthalenes induce these enzyme activities in vivo (13) (14) (15) , and some hexachlorinated and heptachlorinated naphthalenes are as potent as certain coplanar PCBs (16 (17) (18) (19) (20) (21) (22) . These adverse effects indude decreases in epididymal sperm count and sex accessory organ weights, altered sexual behaviors, decreased anogenital distance, and delayed puberty. To In this study, we treated pregnant rats with 1,2,3,4,6,7-hexachlorinated naphthalene (1,2,3,4,6,7-HxCN) and examined the effects on the reproductive system of their male offspring at various phases of sexual maturation.
In addition, we analyzed 1,2,3,4,6,7-HxCN concentrations in the fat of dams and offspring in order to compare the exposure levels of 1,2,3,4,6,7-HxCN between the rats in this study and humans. We chose 1,2,3,4,6,7-HxCN as a test material because it is one of the most potent inducers of EROD and AHH among PCNs (16) , and it is also the most strongly bioaccumulating PCN in animals and humans (5, 6, 23) .
Materials and Methods
Animals. We purchased 14 pregnant Wistar rats (Kud:Wistar; Kyudo Co., Ltd., Tosu, Japan) on day 12 of gestation (the day after mating is day 0) and housed the animals individually in aluminum cages with wood shavings as bedding. The rats were randomly divided into a 1,2,3,4,6,7-HxCN group and a control group, each comprising 7 rats. Animals were maintained in a room with a temperature of 20-24'C and with a relative humidity of 30-60%; rats were provided with CE-2 feed (Clea Japan Inc., Tokyo, Japan) and tap water ad libitum. We analyzed concentrations of 1,2,3,4,6,7-HxCN, 2,2(4-chlorophenyl) - Tissue preparation and histopathology. The testes were fixed in Bouin's solution, embedded in paraffin, sectioned at 3 jim, and stained with periodic acid Schiff (PAS) reagent and hematoxylin. In the histopathologic examination, we classified seminiferous tubules into 14 stages (stages I-XIV), but we combined stages II and III according to the method of Russell et al. (24) . We examined 300-500 seminiferous tubules in each rat to calculate the percentage of postmeiotic seminiferous tubules at PNDs 31 and 48. We defined postmeiotic seminiferous tubules as those seminiferous tubules containing spermatids, regardless of the number of spermatids. We Fat tissues from dams (0.7-2.6 g) and offspring (0.09-4.3 g), new born offspring (5.1-6.8 g) sliced to 1-2 mm thickness with scissors, and CE-2 animal feed (3.2-3.6 g) soaked in 5 mL water were mixed with acetone: n-hexane (2:1; 15 mL total solution) and sonicated for 10 min. The acetone/n-hexane layer was separated and the remainder was extracted again with acetone/n-hexane (2:1; 15 mL solution) and sonicated. The acetone/n-hexane extracts were combined and mixed with 10 mL water. We separated the upper n-hexane layer and extracted the lower layer again with 5 mL n-hexane. We combined the n-hexane layers and dried them over anhydrous sodium sulfate. We then transferred the dried n-hexane solution to a weight-determined vial (30 mL Environmental Health Perspectives * VOLUME 1081 NUMBER 6 1 June 2000 *p < 0.05; **P < 0.01. postmeiotic tubules.
Step 7 spermatids are present in Figure 3A .
Results of the evaluations of the percentage of postmeiotic tubules on PND 31, the testicular spermatid count on PND 48, and the caudal sperm count on PND 62 indicated that the onset of spermatogenesis was accelerated in the 1,2,3,4,6,7-HxCN group. The onset of spermatogenesis in this group could be affected by litter size and by the intrauterine position of fetus; therefore, we tried to evaluate these effects on spermatogenesis. Because the offspring were not delivered by caesarean section in this study, it was impossible to determine the position of offspring in the uterus. If the male:female ratio is high in the uterus, there is a high possibility that many male fetuses are beside one male (1M) or between two males (2M). Therefore, we used the male:female ratio at birth as a representative value of intrauterine position of the fetus. Figure 4 shows the relationship between litter size at birth and the percentage of postmeiotic tubules on PND 31, the testicular spermatid count on PND 48, and the caudal sperm count on PND 62; Figure 5 shows the relationship between the male:female ratio at birth and these evaluation values. The more progressed spermatogenesis in the 1,2,3,4,6,7-HxCN group was not due to small litter size and a high male:female ratio on any postnatal day.
Serum concentrations ofLH and FSH. In the control group, serum concentrations of LH and FSH increased from PND 31 to PND 48 (Table 4) ; afterward, the LH concentration reached a plateau and the FH concentration decreased. In the 1,2,3,4,6,7-HxCN group, the serum concentrations of LH and FSH reached the plateau (or the maximum value) on PND 31.
1,2,3,4,6,7-HxCN, DDE, and PCBs in bodyfat. DDE and PCBs were detected in the fat of the dams and offspring in both groups; the concentrations of these compounds were not significantly different between the groups ( Table 5 ). The 1,2,3,4,6,7-HxCN concentration was below the detection limit in all fat samples in the control group. In the  1,2,3,4,6,7-HxCN group, the concentration  of 1,2,3,4,6 ,7-HxCN in fat was 22.18 ± 6.59 ppb at birth (PND 0), 9.78 ± 2.86 ppb at weaning (PND 21), 0.45 ± 0.08 ppb on PND 89 in female offspring, and 5.75 ± 2.81 ppb in dams at weaning. In this group, the total amount of 1,2,3,4,6,7-HxCN in fat was 1.48 ± 1.64 ng/pup at birth and was estimated to be 13.1-26.2 ng/pup at weaning. To calculate the amount of 1,2,3,4,6,7-HxCN per pup at weaning, we calculated the percentage of fat (relative to body weight) to be 3-6%, as described previously (25, 26) .
Discussion
The toxicities of PCNs are comparable to those of dioxins (8, 9) ; TCDD damages reproductive functions of male rats whose mothers were exposed to TCDD during gestation (17) (18) (19) (20) (21) (22) . Therefore, we administered 1,2,3,4,6,7-HxCN to pregnant rats and examined the effects on the reproductive system of male offspring at various phases of sexual maturity, based on the hypothesis that 1,2,3,4,6,7-HxCN causes reproductive damages to male offspring.
On PND 89, the age of sexual maturity, male reproductive functions were not affected by 1,2,3,4,6,7-HxCN. On PND 62 in the   1,2,3,4,6,7-HxCN group , the sperm count in the cauda epididymidis increased to approximately 180% of the control value. There are two mechanisms that can explain this phenomenon. In one mechanism, gestational 1,2,3,4,6,7-HxCN exposure increased the sperm production capacity of male offspring and increased caudal sperm count on PND 62. Because the caudal sperm count in the 1,2,3,4,6,7-HxCN group did not increase on PND 89, this mechanism is improbable. The other mechanism involves 1,2,3,4,6,7-HxCN acceleration of the onset of sperm production in the testis so that sperm begin to fill the cauda epididymidis earlier than usual; thus, the caudal sperm count temporarily increases on PND 62. Mature spermatids (step 19) first appear in the testis on PND 50 (22) and it takes 6-7 days for the sperm to pass through the epididymis and reach the cauda (28); thus, PND 62 is only a few days after the first appearance of sperm in the cauda epididymis.
If an early onset of sperm production actually occurred in the 1,2,3,4,6,7-HxCN group, the first spermatogenic wave had to proceed more than usual on PNDs 31 and 48. According to earlier studies (27, 29, 30) , PND Utter size at birth (n) (34) . In this study, serum concentrations of LH and FSH were still increasing on PND 31, and they reached the plateau level (LH) or the maximum level (FSH) on PND 48 in the control group. These results were consistent with those reported previously (27, 29) . In the 1,2,3,4,6,7-HxCN group, the serum concentrations of LH and FSH had already reached the plateau level or maximum level on PND 31. From these results, we estimated that the onset of LH and FSH secretions from the pituitary gland was accelerated in the 1,2,3,4,6,7-HxCN group and that this was the cause of the early onset of spermatogenesis in this group. Almiron et al. (35) reported that when testosterone propionate alone was subcutaneously injected into immature rats from PND 5 to PND 35, the progression of spermatogenesis was suppressed. Nonetheless, when human menopausal gonadotropin (a mixture of FSH and LH) was coinjected with testosterone propionate, more advanced spermatids were observed as compared to spermatids from control rats on PND 35. The results (35) indicated that an early increase in serum FSH concentration accelerated the onset of spermatogenesis. This supports our conclusion.
In the analysis of body fat from female offspring and dams, we detected DDE and PCBs in both exposed and control animals, and concentrations of these compounds did not differ between the two groups. The feed used in this study contained approximately 200 ppt DDE and PCBs; these compounds found in the fat probably originated in the feed. Commercial rodent diets often contain high amounts of phytoestrogens (36, 37) . Therefore, the results of this study might not apply to a situation in which animals are exposed only to 1,2,3,4,6,7-HxCN.
In the 1,2,3,4,6,7-HxCN group, the newborn female rats contained 1.48 ± 1.64 ng 1,2,3,4,6,7-HxCN, and the female offspring at weaning were estimated to contain 13.1-26.2 ng of this compound in fat. These 
